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MEMBRANE-BASED SORBENT FOR HEAVY

In US. Pat. No. 4,604,204 to Linder et al., a cellulose

METAL SEQUESTRATION

acetate containing membrane having pore siZes of preferably

This is a continuation-in-part of US. patent application
Ser. No. 08/740,574, ?led Oct. 31, 1996, noW abandon.
This invention Was made With partial government sup

di-aldehydes and diisocyanates that react With the hydroxyl

10—500 angstroms is treated With reagents such as
groups of the membrane. The reagents function as linker
molecules for the attachment of a polyfunctional oligomer or
polymer. These membranes are made to exclude metal ions
from pores rather than to entrap metals inside the pores.

port under NSF Grant No. 4-32118 and US EPA Grant No.

4-29695. The government may have certain rights in this
invention.
TECHNICAL FIELD

10

linker molecules ?ll some space and tend to interfere With

The present invention relates generally to chemically
activated high capacity porous membranes.
BACKGROUND OF THE INVENTION
Various sorbents/ion exchange materials are available for

and close the relatively small diameter pores to subsequent
reaction. Second, it should be appreciated that many times
15

metal ion sequestration. Unfortunately, hoWever, all of these
suffer from the disadvantage that they possess at most tWo
or three functional groups capable of metal ion interaction
per attachment site. Additionally, these conventional mate
rials are in bead (porous) form and thus, are not suited for
effective utiliZation in convective ?oW applications.

20

As a speci?c example of this, ion-exchange resins (IERs),

loW. For example, if one considers a typical charged metal
ion such as nickel (II) a maximum uptake of only 0.15 gram
of metal per gram of IER is possible. Further, the require
ment for the regeneration of these IERs is a serious disad
vantage as it produces concentrated Waste solutions. Still
further, the use of ion exchange beads requires column
operations With high pressure drops and the rate of metal ion

uptake is thereby limited by diffusion control.

activated microporous membrane (i.e. micro?ltration
tration and other purposes and that is characteriZed by a
25

relatively high entrapment capacity heretofore unavailable
in the art.

SUMMARY OF THE INVENTION
30

Accordingly, it is a primary object of the present invention
to provide a chemically activated microporous

(micro?ltration) membrane characteriZed by signi?cantly
enhanced surface entrapment capacity that is relatively easy
to produce.
35

Another object of the present invention is to provide a

chemically activated microporous membrane Wherein poly
carboxylic acids (such as polyamino acids), polyalkenoic
acids and polypeptides are chemically attached to the mem
brane including Within the pores in order to provide a

solid form. This is done in order to facilitate the disposal of
40

regeneration is not a consideration and/or a liquid volume
reduction and entrapment of loW levels of radioactive ions in
a solid form is required. In these instances and applications,
IERs have a signi?cant cost disadvantage.

It is knoWn, hoWever, that liquid volume reduction and
metal ion entrapment may be achieved using inexpensive,

membrane.
A need is therefore identi?ed for an improved chemically

membranes) that may be utiliZed for heavy metal ion seques

Of course, there are many industrial situations Where it is
required to convert metal ions from the solution state to a

such metal species. In still other situations subsequent

both functional groups of the linker molecules react With
hydroxyl groups of the membrane leaving none available to

subsequently react With the polyfunctional oligomer or
polymer. Thus, the number of available sites for polyfunc
tional oligomer or polymer attachment is, in fact, quite
limited thereby limiting the effectiveness of the modi?ed

such as strong acid or Weak acid cationic exchangers, have
been used extensively to recover heavy metals and/or to

prepare high quality Water. The typical theoretical capacity
of these IERs is ?ve meq/gram (see “Ion-Exchange Resins
and Related Polymeric Adsorbents”, Technical Bulletin
AL-142, Aldrich Chemical Company). This capacity is quite

While effective in excluding metal ions this approach has
several shortcomings. First, it should be appreciated that the

relatively large number (eg 20—1000) of functional groups
capable of metal ion entrapment per membrane attachment
site.
Still another aspect of the present invention is to provide

a unique and novel method for the preparation of high
45

commercially available, high molecular Weight cut-off ultra

capacity chemically activated microporous membranes
formed from polyhydroxylated polymer material by means
of the attachment of polycarboxylic acids along the inside
pore surfaces of the membranes.

?ltration or micro?ltration membranes in Which internal

Still another object of the present invention is to provide

surface areas range from 50—200 m2/gm. The most inexpen

sive materials used to prepare such membranes are cellulose 50 a process for the sequestration of heavy metal ions utiliZing

high capacity cellulosic membranes.

and its derivatives, cellulose acetate and cellulose triacetate.
Examples of such membranes are disclosed, for example, in
US. Pat. Nos. 4,824,870 and 4,961,852 both to PemaWansa

Additional objects, advantages and other novel features of

et al.

Both ?at sheet and Wide bore holloW ?ber (200—300 pm
in diameter) con?gurations are readily available commer
cially. HoWever, direct use of these membranes for adsorp
tion of a metal ion such as nickel (II) assuming the siZe of
6 A for the hydrated metal ion species and an internal
surface of 100 m2/gr of membrane, yields a maximum
surface entrapment capacity of 0.034 grams of nickel per
gram of membrane. This, of course, is too loW for ef?cient
liquid volume reduction. In fact, Where only single com
plexation sites are available, one Will require a relatively

55

high surface area of membrane (approximately 3000 m2/gm)

65

in order to achieve a 1 gram of nickel uptake per gram of
membrane.

the invention Will be set forth in part in the description that
folloWs and in part Will become apparent to those skilled in
the art upon examination of the folloWing or may be learned
With the practice of the invention. The objects and advan
tages of the invention may be realiZed and obtained by
means of the instrumentalities and combinations particularly

pointed out in the appended claims.
60

To achieve the foregoing and other objects, and in accor
dance With the purposes of the present invention as

described herein, a process is provided for making chemi
cally activated microporous membranes or membrane-based
sorbents for metal entrapment. The process includes the step
of selectively hydrolyZing a membrane formed from a
polyacetylated material such as the cellulose derivatives
cellulose acetate, cellulose diacetate and cellulose triacetate

6,139,742
3

4

in order to deacetylate a surface layer of the membrane

present invention and together With the description serves to

including the pore surfaces and thereby expose free
hydroxyl groups. Other polyhydroxylated polymers can also
be used. Next is the oxidizing of the exposed free hydroxyl

explain the principles of the invention. In the draWing:
FIG. 1 is a schematic illustration of the membrane based
sorbent of the present invention being utiliZed as a sorbent

groups to aldehyde groups. Any membrane materials con
taining aldehyde groups can also be used. This is folloWed
by the attaching of a polycarboxylic acid to the membrane

for heavy metal ion entrapment utiliZing a convective ?oW

?ltering system;
FIG. 2 graphically illustrates the increased sorption ability

through the aldehyde groups. Preferably, the membrane
incorporates pores having a diameter of at least 1,000—6,000
angstroms so that the individual polycarboxylic acid mol

10

ecules may be attached to the membrane Within the pores,

FIG. 4 schematically illustrates the process of making the

even at pressures beloW 1 bar.

In one embodiment of the invention, the polycarboxylic
acid utiliZed is a polyamino acid. Polyamino acids that may
be utiliZed in the present invention include copolymers of
amino acids having a free amine functionality, e.g. poly

chemically activated or functionaliZed membrane of the

present invention.
15

20

present invention, the polycarboxylic acid may be a poly
alkenoic acid. Polyalkenoic acids that may be utiliZed in the

present invention include polyvinyl sulfonate, polystyrene
sulfonic acid, polyvinyl acetic acid, polystyrene sulfonic

25

30

In accordance With the present invention, a process is
provided for making a membrane-based sorbent. That pro
cess is illustrated generally in FIG. 4. The process includes
the step of selectively hydrolyZing a membrane constructed
from a material such as a polyacetylated polymer including

Preferably, this hydrolyZis is completed under alkaline
conditions using, for example, sodium hydroxide, potassium
hydroxide, ammonium hydroxide or any mixture thereof

(eg 0.14 M NH4OH/0.014 M NaOH2 for forty minutes) as
the active reagent. The hydrolyZing is completed in order to

and a vinyl group such as, for example, p-aminostyrene.
After attaching a linker molecule to the aldehyde group of
the membrane by means of a Schiff-base linkage, the poly
alkenoic acid is reacted With the vinyl group of the linker
molecule. This reaction or attachment is completed via
co-polymeriZation using an initiator such as hydrogen per
oxide.
In accordance With yet another alternative embodiment,
the polycarboxylic acid may be a polypeptide including an
amine functional group. Such a polypeptide may include, for

DETAILED DESCRIPTION OF THE
INVENTION

but not limited to cellulose acetate, cellulose diacetate and
cellulose triacetate.

acid, polypentanoic acid and any mixtures thereof. Of
course, it should be appreciated that the polyalkenoic acid
may not be directly attached to an aldehyde group of the
membrane. First, it is necessary to react a linker molecule to
the aldehyde group of the membrane. Such a linker molecule
may include any molecule containing both an amine group

Reference Will noW be made in detail to the present

preferred embodiment of the invention, an example of Which
is illustrated in the accompanying draWing.

glutamic acid, polyaspartic acid and any mixtures thereof.
The free amine functional group is reacted With an aldehyde
group carried by the membrane by means of a Schiff-base
linkage in a manner Well knoWn in the art. This completes
the attachment of the polyamino acid to the membrane.
In accordance With an alternative embodiment of the

of such a membrane;
FIG. 3 graphically illustrates the role of membrane sur
face area as it relates to metal sorption capacity; and

35

deacetylate a surface layer of the cellulosic membrane and
thereby expose a number of free hydroxyl groups. This
hydrolysis step is not necessary for cellulose or other

polyhydrated material.
Next is the oxidation of the exposed free hydroxyl groups
in order to convert those groups to aldehyde groups. This
40

step may be performed utiliZing an aqueous solution of
sodium periodate under relatively mild conditions such as

described in T. P. NeWell,Meth. Carbohya'n Chem, 1963, 3,

example, native or denatured proteins, synthetic peptides

164—8, “NaIO4 oxidation of cellulose” or Modern Carbo

(linear or cyclic) and any mixtures thereof. The free amine
functional group is reacted With an aldehyde group carried
by the membrane via a Schiff-base linkage in the same

45

hydrate Chemistry, R. W. Binkley, Marcel Dekker, NeW
York, 1988, page 232 (eg 5000 mg/l NaIO4 for 100

50

minutes) Of course, other knoWn oxidiZing agents that are
appropriate for this purpose may be utiliZed.
Advantageously, this tWo step approach alloWs the direct
production of aldehyde groups on the membrane including
on the pore surfaces While simultaneously maintaining the

manner as a polyamino acid.

UtiliZing this method it is possible to provide a membrane
based sorbent Wherein the available metal binding sites are

multiplied and, therefore, the sequestration capacity of the
membrane is signi?cantly enhanced, perhaps betWeen

structural integrity of the membrane (i.e. minimiZing

tWenty and a hundred fold.

fragmentation). Since no molecules are added to the mem

Still other objects of the present invention Will become
apparent to those skilled in this art from the folloWing
description Wherein there is shoWn and described a preferred

brane in order to “link” aldehyde groups thereto, the pores
of the membrane remain fully open. Accordingly, a dual
advantage is obtained: available attachment sites are maxi

55

miZed and passageWays to those attachment sites in the

embodiment of this invention, simply by Way of illustration

pores remain fully open since not potentially interfering

of one of the modes best suited to carry out the invention. As

linking molecules are used from any linking molecules since

it Will be realiZed, the invention is capable of other different

linking molecules are not used. Of course, for materials such

embodiments and its several details are capable of modi?

cation in various, obvious aspects all Without departing from

60

the invention. Accordingly, the draWings and descriptions

as polyether sulfone containing aldehydes and other poly
mers containing derivatiZed silica, both the hydrolysis and
oxidation steps are not necessary.

Will be regarded as illustrative in nature and not as restric

This step is then folloWed by the attachment of a poly

tive.
BRIEF DESCRIPTION OF THE DRAWINGS

carboxylic acid to the membrane through the aldehyde

The accompanying draWing incorporated in and forming

groups. In the most preferred embodiment the membrane
includes pores having a diameter of betWeen 1000 to 6000

a part of the speci?cation, illustrates several aspects of the

angstroms. Since the aldehyde groups are produced directly

65

6,139,742
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6

on the membrane and linking molecules are not used, these

In accordance With still another aspect of the present
invention, a polypeptide including an amine group may be
bound by Schiff-base linkage to the aldehyde group of the

pores remain fully open to freely receive the polycarboxylic
acid molecules Which bind to the pore surfaces thereby

membrane. This is done in the same manner as described

creating enriched chemically activated reservoirs for heavy
metal ion sequestration. More speci?cally, the aldehyde
groups provide ideal attachment sites for materials that
possess a free amine functionality through the formation of
Schiff-base linkage in the manner described in “Organic
Functional Group Preparations” W. Karo and S. R. Sandler

(eds.) 1989, Second Edition, Vol. II, Chapter 12, Academic

10

Press.
Polycarboxylic acids that may be attached to the mem

selectively hydrolyZe the membrane and oxidiZe any

brane and doWn in the pores through the aldehyde groups
include, but are not limited to polyamino acids, polyalkenoic
acids and even polypeptides. More speci?cally, a free amine
functionality or group of the polyamino acid is reacted With
one of the aldehyde groups of the membrane With attach

15

exposed free hydroxyl groups as Well as attach a carboxylic
acid to the membrane. As more speci?cally described in the

examples that folloW, the membrane to be treated is placed
in a convective ?oW cell of knoWn construction and the

ment completed through the Schiff-base linkage.
Polyamino acids that may be attached to the membrane in
accordance With the present method include but are not

above With respect to the attachment to the polyamino acid.
Polypeptides that may be utiliZed in the present process
include those With a free amine group for Schiff-base linkage
to the membrane. Speci?c examples include but are not
limited to native or denatured proteins, synthetic peptides
(linear or cyclic) and any mixtures thereof.
In accordance With yet another aspect of the present
invention, convective ?oW techniques may be utiliZed to

20

various reagents are cycled through the membrane at the
desired rate in order to complete the process.
The cycling of the reagent solutions through the pores of
the membrane a number of times under mild pressure

limited to polyglutamic acid, polyaspartic acid, polylysine,

conditions (eg less than one bar) achieves high reaction

polyarginine, polycysteine and any mixtures thereof. Enan
tiomerically pure or mixed poly-L and poly-D acids may be
used. Further, co-polymers of the various polyamino acids

Such loW concentration solutions have insigni?cant envi
ronmental impact. Further, this approach reduces the amount

may also be utiliZed.

yields While using relatively dilute reagent concentrations.
25

Speci?cally, the polyamino acid selected is introduced to
the membrane in a distilled Water solution Wherein the pH is

maintained at alkaline conditions (eg approximately
9.2101). Next, sodium borohydride is added to the solution
containing the membrane and the pH is maintained at
approximately 8010.5 utiliZing nitric acid. At approxi
mately 60 minutes the membrane is rinsed With Water.
In accordance With another aspect of the present
invention, the polycarboxylic acid attached to the membrane
through the aldehyde groups may be a polyalkenoic acid.

penetration of oxidiZing agent beyond the surface layer of
cellulose molecules.
Advantageously, the process of any embodiment of the
present invention alloWs one to activate the full surface of
the membrane including the surface of the pores by means
35

Generally, such acids are cheaper than the polyamino acids.
Polyalkenoic acids that may be utiliZed in the present
method include but are not limited to poly vinyl sulfonic

acid, polyacrylic acid, polyvinyl acetic acid, polystyrene

of attachment of a large number of long chain polymer units

containing multiple metal binding sites. Thus, metal ions
enter the pores of the membrane and become bound to the

polymeric ligands attached to the pore surfaces.
Accordingly, high sorption rates are achieved and the
40

sulfonic acid, polypentanoic acid and any mixtures thereof.
The polyalkenoic acid selected is attached by ?rst reacting

sequestration capacity of the membrane is dramatically
enhanced. For example, a poly carboxylic acid containing
approximately 60 acid groups per chain raises the capacity
of a membrane (100 m2/gm) from, for example, 0.034 grams

a linker molecule to at least one of the aldehyde groups of

the membrane. More speci?cally, the linker molecule may
be any molecule containing both an amine group for Schiff

of physical surface adsorption and prevents undesirable
side-reactions such as those normally associated With pro
longed reaction times. Such side reactions include but are
not limited to excessive hydrolysis of cellulose acetate or

of nickel per gram of inactivated membrane to 1.0 gram of
45

base linkage to the aldehyde of the membrane and a vinyl
group for polymeriZation to the polyalkenoic acid. An
example of such a molecule is p-aminostyrene. The
p-aminostyrene molecule is attached to the aldehyde of the

nickel per gram of activated membrane. If the metal species
to be sequestrated is cadmium (II), then the attachment of

polymer chains containing only 21 carboxylic acid groups is

membrane by Schiff-base linkage in the same manner as the 50
attachment of the polyamino acid as discussed above. The

suf?cient to obtain 1.0 gram of cadmium uptake per gram of
activated membrane.
In accordance With still another aspect of the present
invention, convective ?oW techniques are utiliZed to

polyalkenoic acid is then attached to the free vinyl group of

improve the efficiency of metal ion sequestration. This

the p-aminostyrene molecule by polymeriZation reaction.

procedure is illustrated in FIG. 1.
The convective ?oW system 10 includes a feed tank 12 for

More speci?cally, tWo approaches described beloW use

polyacrylic acid as an example. First one can prepare 55 holding the Waste Water solution from Which heavy metal

ions are to be sequestered. A pump 14 delivers the Waste

oligomers of polyacrylic acid in solution then contact the
oligomers in pores of the membrane Where the
p-aminostyrene modi?ed membrane acts as a chain termi
nator. Second, one can contact monomers of polyacrylic acid

in the pores of the membrane and perform the polymeriZa
tion in-situ. In either approach, a polymeriZation solution is
prepared and any inhibitor such as p-methoxyphenol, is

60

carried on the activated membrane. The treated Waste Water

removed in a manner knoWn in the art. Polymerization is

initiated by raising the temperature of the reagent solution
to, for example, 90—100° C. in the presence of an initiator
such as hydrogen peroxide or potassium persulfate in a
manner Well knoWn in the art.

Water solution through the conduits 16, 18 and passes this
solution through the pores in a activated membrane 20
processed in accordance With the teachings of this invention.
As the Waste Water passes through the activated membrane
20, metal ions are bound to the available metal binding sites

65

is then recycled through the conduit 22 back to the feed tank
12. A mixer 24 agitates the solution in the feed tank 12 in
order to maintain homogeneity.
Metal ion selective electrode 26, a pH electrode 28 and a
mv/pH meter 30 may be utiliZed to monitor the pH and the

6,139,742
7

8

uptake or sequestration of heavy metal ions. In fact, this may
be done automatically by connecting the output of the
mv/pH meter(s) 30 to a controller 32 (i.e. gain control for

functionaliZation procedure can be broken into tWo steps.
The ?rst step attaches the PLGA to the membrane surface

signal sensitivity) and personal computer 34 operating under
direction of an appropriate data acquisition system and post
data plotting softWare such as, for example, the Excel

For the PLGA attachment, the membrane Was rinsed With
distilled Water at pH 9.2 for 25 minutes. Next, a sample
containing 25 ml of the PLGA stock solution in a 50 ml

softWare program, available from Microsoft.
Advantageously, the use of a convective ?oW system 10 of

beaker Was permeated through the membrane (5 ml/min) for
60 minutes. The solution pH Was continuously adjusted

the type described signi?cantly reduces the cycle time
required for maximum heavy metal sorption by the mem

and the second step alloWs for heavy metal sequestration.

10

brane 20.
FIG. 2 shoWs the increased lead sorption ability of a
membrane made in accordance With the present process With

an increased degree of functionaliZation by poly-L-glutamic
acid. Relatively high pick-up is observed even at 50%

15

functionaliZation. The role of membrane surface area in

metal sorption capacity is shoWn in FIG. 3. FIG. 3 indicates
that With a membrane of 80 m2/g With only 80% of poly
carboxylic acid derivatiZation, one may obtain 1 gram of
lead pickup per gram of activated membrane. By increasing
the activated membrane surface area and percent carboxylic

20

using NaOH keeping it at 9210.1. A solution of 100 ml of
the phosphate buffer made in Example 1 Was placed in a 100
ml beaker and 200 mg sodium borohydride (Fisher #5678
25) Was also added. This solution Was permeated through the
membrane at 5 ml/min for 60 minutes keeping the pH
8010.5 using nitric acid. The membrane Was rinsed for 53
minutes With pH 4.0 Water until the pH into the membrane
Was equal to the pH out of the membrane Within 0.1 pH
units.
Finally, the PLGA functionaliZed membrane Was exposed
to a lead nitrate stock solution for heavy metal sequestration.
For this procedure 25 ml of the above mentioned lead

solution Was permeated (5 ml/min) through the membrane
for 180 minutes as per FIG. 1. The pH of the feed solution
Was maintained betWeen 5.2 and 5.7 using sodium hydrox
ide. On-line data acquisition by computer alloWed us to
observe the trend in lead concentration changes With time.
The ?nal lead nitrate solution Was also analyZed directly

acid derivatiZation, higher heavy metal pick up (more than
1 gram per gram of membrane) may be achieved.
The folloWing examples are presented to illustrate the

invention, but it is not to be considered as limited thereto. 25
using a pre-calibrated ion-selective lead electrode (Orion
EXAMPLE 1
#9682BN) and the results shoWed that the ?nal lead con

A stock solution of 0.11 M sodium hydroxide (NaOH)
solution Was made by mixing 2.2 g NaOH (obtained from

Fisher) in 500 ml distilled Water in a 500 ml ?ask. A solution

of 1.4 M Ammonium Hydroxide (NH4OH) Was made by

centration in the feed beaker Went from 136 mg/L to 16 mg/L
as Pb.
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EXAMPLE 3

mixing 50 ml concentrated NH4OH (Fisher #A669-212)

This is the same as Example 2 except that polyaspartic

With 450 ml puri?ed Water for a total solution volume of 500
ml in a 500 ml ?ask. A stock solution of phosphate buffer

acid is substituted for poly-L-glutamic acid.

Was made by mixing 12 g sodium phosphate dibasic
(obtained from Sigma) in one liter distilled Water in a one 35

liter ?ask. The solution pH Was adjusted to 8.0 using nitric

EXAMPLE 4

This is the same as Example 2 except that polylysine is

acid (obtained from Aldrich).

substituted for poly-L-glutamic acid.

A 4.2 cm external diameter cellulose acetate membrane

EXAMPLE 5

(60 mg Wet Weight, 0.22 pm pore siZe) Was placed in a
convective ?oW cell. The cellulose acetate membrane Was
rinsed for 25 minutes at a permeate ?oW rate of 5 ml/min and

40

This is the same as Example 2 except that polycysteine is

pH 7.9 (pH adjusted using NaOH). Next, 125 ml of the

substituted for poly-L-glutamic acid.

NaOH stock solution Was mixed With 125 ml of the NH4OH

EXAMPLE 6

stock solution using a 250 ml graduated cylinder. The
solution Was poured into a 400 ml beaker, mixed thoroughly,
and permeated through the membrane at 5 ml/min in con

45

An amount of 50 mg of p-aminostyrene is added to an

aldehyde-containing membrane prepared as explained in
Example 1. p-Aminostyrene contains an amine functionality

tinuous recycle for 40 minutes. The membrane Was then

rinsed again using pH 7.9 distilled Water at 5 ml/min for 25

for attachment to the aldehyde containing membrane and a

minutes. Next, 1 g of sodium periodate (Fisher #S678-25)

vinyl functionality. The coupling of p-aminostyrene to the

Was mixed With 100 ml of the phosphate buffer in a 100 ml
?ask. This solution Was transferred into a 100 ml beaker,

50

continuously stirred, and permeated (5 ml/min) through the
membrane for 100 minutes. The membrane Was rinsed for

25 minutes using the above prepared phosphate buffer. The
Membrane Was stored in a small jar containing approxi

mately 50 ml of phosphate buffer.
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A stock solution of lead (Pb+2) Was made by mixing 218
mg lead nitrate (equivalent to 136 mg Pb+2) (Fisher #L62

or by distillation (“Puri?cation of Laboratory Chemicals”,
60

solution pH Was adjusted to 5.0. A stock solution of Poly

L-Glutamic Acid (PLGA, Aldrich #38,683-9) at 40 mg/L
Was made by mixing 10 mg PLGA in 250 ml of distilled
Water using a 250 ml ?ask. The solution pH Was adjusted to

9.2 using NaOH.

cially available acrylic acid. Since this acrylic acid contains
an inhibitor, p-methoxyphenol, the inhibitor is removed by
either percolation through a column of alumina that had
been preactivated by drying in an oven at ~200° C. overnight

EXAMPLE 2

100) in one liter of distilled Water in an one liter ?ask. The

support is performed under convective ?oW conditions at 5
ml/min. Next, the membrane is rinsed as described in
Example 1, leaving attached a vinyl functionality on the
membrane.
The polymeriZation solution is prepared from commer
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D. D. Perrin et al., Pergamon Press, Oxford, 1988, p 11 and
p 73 and references therein). Acrylic acid is polymeriZed
in-situ by a radical polymeriZation reaction (persulfate/heat
process). For that, a 10% v/v acrylic acid solution is made
0.2% in (NH4)2S2O8 and passed through the membrane
under convective ?oW. PolymeriZation is initiated by raising
the temperature of the solution to 90—100° C., While con

Amembrane prepared using the procedure per Example 1

tinuing the convective ?oW through the membrane. The

Was put in a convective ?oW cell. The next part of the

vinyl functionality on the membrane assures that a polymer

6,139,742
10
of acrylic acid becomes attached to the membrane. The
procedure to evaluate the membrane for heavy metal sorp

a chemically activated microporous membrane con
structed from a polyacetylated material having pore
diameters of at least 1000—6000 angstroms made by:

tion is the same as the one outlined in Example 2, but instead
of polyglutamic acid the membrane noW contains an

attached polyacrylic acid.

selectively hydrolyZing said membrane in order to
5

deacetylate a surface layer of said membrane and

expose free hydroxyl groups;

EXAMPLE 7

oxidiZing said exposed free hydroxyl groups so as to form
This is the same as Example 6 except that polyvinyl

aldehyde groups directly on said membrane including
pore surfaces thereof; and
attaching a polyamino acid to said membrane including
said pore surfaces thereof through said aldehyde groups

sulphonic acid is substituted for polyacrylic acid.
EXAMPLE 8

This is the same as Example 6 except that polyvinyl acetic
acid is substituted for polyacrylic acid.

so as to increase the number of functional groups

capable of metal ion capture per attachment site.
2. An apparatus providing metal ion entrapment, com
1
EXAMPLE 9
5 prising:
a chemically activated microporous membrane con
This is the same as Example 2 except the native protein
structed from a polyacetylated material having pore
phytochelatin is substituted for polyamino acid.
diameters of at least 1000—6000 angstroms made by:
EXAMPLE 10

selectively hydrolyZing said membrane including pore

This is the same as Example 2 except that the denatured

protein gelatin is substituted for polyamino acid.
EXAMPLE 11

This is the same as Example 2 except that the linear

25

peptide aspartate-aspartate-aspartate-glutamate-aspartate is

aldehyde groups so as to increase the number of

substituted for polyamino acid.

functional groups capable of metal ion capture per
attachment site.
3. An apparatus providing metal ion entrapment, com

EXAMPLE 12

This is the same as Example 2 except that the cyclic

prising:

peptide cyclo (prolin-phenylaniline-tryptophan-lysine

a chemically activated microporous membrane con

threonine-phenylaniline) is substituted for polyamino acid.

structed from a polyacetylated material having pore
diameters of at least 1000—6000 angstroms made by:

In summary, the present invention relates to a membrane

of polyacteylated material that is chemically activated or
functionaliZed With a large number of pendent polymer
chains Where each such chain contains multiple metal ion
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such as polyglutamic acid and polyaspartic acid may be
directly attached to the membrane at a single site by alde
hyde derivation of the membrane. In this Way it has been

experimentally shoWn to be possible to signi?cantly enhance
the entrapment or sequestration capacity of such membranes
for metal ions. For example, experiments have shoWn
capacities as high as 1.3—1.5 g of Pb/g of cellulosic activated

attaching a polyamino acid selected from a group con

sisting of polyglutamic acid, polyaspartic acid,
polylysine, polyarginine, polycysteine and any mix
45

The foregoing description of a preferred embodiment of
the invention has been presented for purposes of illustration

prising:
a chemically activated microporous membrane con

the invention to the precise form disclosed. Obvious modi
?cations or variations are possible in light of the above
teachings. For example, Where a activated membrane has

structed from a polyacetylated material having pore
diameters of at least 1000—6000 angstroms made by:

undergone preactivation and exposed aldehyde groups are
already present, the hydrolyZing and oxidiZing steps may be
skipped and the process may begin With the polycarboxylic
The embodiment Was chosen and described to provide the

best illustration of the principles of the invention and its
practical application to thereby enable one of ordinary skill
in the art to utiliZe the invention in various embodiments and
With various modi?cations as are suited to the particular use

contemplated. All such modi?cations and variations are
Within the scope of the invention as determined by the

appended claims When interpreted in accordance With the
breadth to Which they are fairly, legally and equitably
entitled.
What is claimed is:
1. An apparatus providing metal ion entrapment, com

prising:

tures thereof to said membrane through said aldehyde
groups so as to increase the number of functional

groups capable of metal ion capture per attachment site.
4. An apparatus providing metal ion entrapment, com

and description. It is not intended to be exhaustive or to limit

acid attachment step.

selectively hydrolyZing said membrane including pore
surfaces thereof in order to deacetylate a surface layer
of said membrane and expose free hydroxyl groups;
oxidiZing said exposed free hydroxyl groups so as to form
aldehyde groups directly on said membrane including
said pore surfaces thereof; and

binding sites. Advantageously, chelating polymer chains

membrane.

surfaces thereof in order to deacetylate a surface layer
of said membrane and expose free hydroxyl groups;
oxidiZing said exposed free hydroxyl groups so as to form
aldehyde groups directly on said membrane including
said pore surfaces thereof; and
attaching a polyamino acid to said membrane through said

selectively hydrolyZing said membrane including pore
55

surfaces thereof in order to deacetylate a surface layer
of said membrane and expose free hydroxyl groups;
oxidiZing said exposed free hydroxyl groups so as to form
aldehyde groups directly on said membrane including
said pore surfaces thereof; and
attaching a polyamino acid to said membrane through said
aldehyde groups so as to increase the number of

functional groups capable of metal ion capture per
attachment site; and

utiliZing convective ?oW techniques to cycle hydrolyZing
reagent, oxidiZing reagent and said polycarboxylic acid
through pores in said membrane at loW pressure.
5. An apparatus providing metal ion entrapment, com

prising:

6,139,742
11
a chemically activated microporous membrane con

structed from a polyacetylated material including
polyamino acid molecules that are chemically attached
to said polyacetylated material by a Schiff-base linkage

12
6. The apparatus of claim 5, Wherein said membrane
includes a plurality of pores each of said plurality of pores
having a diameter of at least 1000 to 6000 angstroms and

polycarboXylic acid molecules held in and attached directly

to provide at least tWenty functional groups furnishing 5 to a surface thereof.

multiple metal ion entrapment sites per membrane
attachment site.

